In this study, bast fibers of kenaf (Hibiscus cannabinus L.), in the form of randomly dispersed short-fiber reinforcement, were loaded into poly(lactic acid) (PLA) or simply polylactide. Twin-bladed melt mixing followed by hot-pressing was chosen as the present composite molding with fiber weight fractions varied from 0wt% (i.e. neat PLA) to 20wt% by 5wt% increment. From the optical microscopic surface images, kenaf fibers were found to evenly be dispersed in the present composites with random fiber orientations in the two-dimensional flat-wise directions. Tensile strength and strain at break of the composites were found to decrease as compared to those of neat PLA. On the other hand, the tensile moduli both at initial and at several stress levels up to the final breakage were found to be improved via kenaf fiber loading. Two-parameter Weibull plots in terms of tensile strength and SEM fractography of the fractured surfaces were also examined and complicated and multiple sources for the fracture initiation and propagation in the present composites were implied. Finally, flexural properties, Charpy impact toughness, plain strain fracture toughness and S-N curves for the present composites were also shown and then discussed to sustain some benefits of the kenaf fiber loading.
Introduction
It has been some time now since, as preparation for a future possible depletion of fossil fuel resources, not a few alternative materials of non-fossil-fuel origin have been tried out in various industrial scenes. These trends would have possibly been spurred, especially here in Japan, since the days after the Great East Japan Earthquake in 2011 and the continuing severe nuclear accidents, which certainly arouse serious discussions on the feasibility of a nation-wide shift towards new community-based forms of our energy supply system and industrial supply-chain. Among them, making an effective use of renewable on-site biomass resources might have a high degree of expectation for using them as industrial crude materials rather than for putting the full amount of them onto the power and energy sectors.
Against this background, biomass-derived plastics such as poly(lactic acid) (PLA), or simply polylactide, natural plant fibers such as kenaf (Hibiscus cannabinus L.) and structural composite materials wholly or partially constituted of them have recently been attracting much attention. Needless to say, such biomass-based raw materials and composites are non-petroleum, carbon-neutral, annually renewable, and, because of these advantages, they are gradually appearing in the open scenes of the industries as fairly "green" materials. Another thing besides this point is that such biomass resources are typically abundant as agricultural crop wastes particularly in developing countries such as those in Southern and Southeastern Asia, Africa, South America, which are becoming main battlefields of global manufacturing industries. Therefore, the so-called green composite technologies could be sorts of valuable trump cards in those emerging markets.
Several well-organized and comprehensive reviews on research and development activities, conducted in the 80's and 90's, relevant to either or both of natural fibers and biodegradable polymers, as well as their composites, including combinations of natural fibers and conventional chemosynthetic polymers such as polypropylene (PP), were made, for example, by Bledzki, Reihmane and Gassan (1) , and then by Mohanty, Misra and their co-workers (2) , (3) . Around and after the year 2000, Mohanty, Misra, Drzil and others (4) outlined the general trends and guidelines of the natural fibers and biocomposites. Holbery and Houston made a survey of natural-fiber-reinforced chemosynthetic polymer composites in automotive applications (5) . On the other hand, Goda and Cao (6) reviewed on the R & D activities of "fully green" composites up to around the year of 2007. John and his colleagues also reviewed on the similar topics in the early 2000's up to 2008 (7) , (8) .
When one focuses on a more specific case study, an assortment of poly(lactic acid) (PLA), or simply polylactide, and various natural fibers, most of which are ligno-cellulosic ones extracted from plant fibrous tissues, is found to be one of the most actively investigated candidates for "bio-" or "green-"composites (9) since PLA itself has relatively favorable physical and mechanical properties for load-bearing structural components (10) , (11) and also has grown to be one of the most mass-produced biodegradable polymers in the world (12) . PLA, or polylactide, is thermoplastic crystalline polymer which is bulk-produced through polymerizing the lactic acid monomers gathered via industrial glucose fermentation, and have fairly good macroscopic mechanical properties (e.g., static strength, modulus and so forth) for light-weight structural and casing components (10) . Neat PLA is, however, generally said to be brittle in nature, lacking static and/or impact fracture toughness especially in the case of high degree of crystallinity that will inherently be necessary for keeping its better heat resistance. This might be one of the major motivations for attempting to introduce some reinforcing fibers or fillers into this thermoplastic crystalline polymer system. As for PLA's reinforcing counterparts in the present composite system, bast fibers from flax (Linum usitatissimum) (13) - (21) and industrial hemp (Cannabis sativa L.) (9) , (22) - (26) have been popular particularly in Europe, North America and Oceania because these two varieties have long been cultivated in those areas for their traditional apparel and fabric materials with good quality and mechanical properties. For instance, Oksman et al. (13) reported several typical mechanical properties of flax fiber reinforced poly(lactic acid) composites manufactured using a twin-screw extruder and a compression molding press. Mathew et al. (14) also studied on the crystallinity of PLA with a few cellulose-based reinforcements including flax fibers. Wong, Shanks and Hodzic (15) investigated the static and dynamic tensile properties of poly(L-lactic acid)-flax composites along with their interlaminar fracture toughness evaluations, and further Shanks, Hodzic and Ridderhof (16) studied on PLA with flax fibers modified by interstitial polymerization. Bodros et al. (17) and Le Duigou et al. (18) - (20) also studied fabrications and mechanical properties of flax/PLA composites. Bax and Müssig (21) studied impact and mechanical properties of PLA/flax composites. Masirek et al. (22) , on the other hand, reported physical and mechanical properties of PLA/hemp composites. Graupner, Herrmann and Müssig (9) investigated mechanical characteristics of hemp-PLA composites. Islam et al. (23) , (24) examined physico-mechanical properties of alkali-treated industrial hemp fibre reinforced PLA composites. More recently, Sawpan et al. (25) , (26) reported on the improvement of mechanical properties of chemically treated industrial hemp fibre reinforced polylactide (PLA) biocomposites. By the way, when one takes a quick glance at other reinforcing fiber plants for natural fiber/PLA composites, jute (Corchorus capsularis L.) (27) - (29) , abacá (Musa textilis Née) (30) and coir (Cocos nucifera L.) (31) from Southern and Southeastern Asia, ramie (Boehmeria nivea L.) (32) , (33) and bamboo (Phyllostachys bambusoides) (34) - (36) mainly from Eastern Asia, henequen (Agave fourcroydes Lem.) (37) from Central and South America can also be found clearly reflecting the specialty of its own traditional textile industry for each of those areas. Graupner (38) also studied mechanical properties of PLA composites reinforced with cotton (Gossypium hirsutum L.).
Since there isn't any specific species capable to produce "unusually-good" fibers which are extraordinarily superior to other natural plant fibers in terms of their chemical compositions and physical/mechanical properties, what is more important in screening the natural fibers for PLA composite products probably lies in other matters such as availability, harvesting and processing time and cost, revitalization of the rural economy and so forth. From this viewpoint, kenaf (Hibiscus cannabinus L.) (39) , (40) could be one of the most promising natural fiber crops because it grows fast almost anywhere except in the polar regions with good resistance to plant disease. It also has a proven past record as a potential non-wood raw material for the paper manufacturing industry (41) , (42) , and experiences and know-how for its cultivation and harvesting have been accumulated (40) . Its anatomical morphology and mechanical properties were studied in detail by the present author with the aid of statistical data analysis methods (43) , (44) , and its suitability for polymer composite reinforcements has been shown. Ramaswamy et al. (45) developed kenaf nonwoven plate with polypropylene (PP) as binder, while Onishi et al. (46) reported their kenaf-fiber-oriented construction boards with isocyanate resin as binder. Nishimura (47) gave an outline of the manufacturing procedures of kenaf-PP boards for car components. Zampaloni et al. (48) discussed on manufacturing problems and solutions of kenaf-PP composites. On the other hand, John et al. (49) studied on effects of amphiphilic coupling agent of surface properties of kenaf-polypropylene composites. Shibata, Cao and Fukumoto (50) made lightweight laminate composites from kenaf and PP fibers. More recently, Aji et al. (51) reviewed research activities of kenaf fibers as polymeric composites reinforcement. Akil et al. (52) also overviewed kenaf fiber reinforced composites. According to Arai (53) , in the year of 2011,
another new project for kenaf industrialization had been kicked off in Thailand.
To the best knowledge of the present author, one of the earliest attempts to use kenaf fibers for PLA composites was made by Nishino et al. (54) , (55) by employing their simple wet processing. In their works, kenaf bast fiber sheets like paper were immersed into PLLA (poly(L-lactic acid)) dioxane solution and then dried under vacuum to form kenaf sheet composites with PLLA as binder. They reported their composite sheets with 70% kenaf fibers had better mechanical properties when compared to pure PLA sheet. At roughly the same time, Serizawa, Inoue and Iji of NEC Corp. (56) developed their kenaf-fiber-reinforced poly(lactic acid) (PLA) composites for the housing of electronic products by combining the melt-mixing and injection-molding methods. They reported that adding the short kenaf fibers greatly increased the heat resistance, modulus and impact strength of PLA. Pan et al. including the above-mentioned NEC researchers (57) also reported on crystallization behaviors and mechanical properties of the short-kenaf-fiber PLA composites prepared with the similar injection-molding process described in ref. 56 . More recently Anuar et al. (58) have studied on fabrication of PLA-kenaf biocomposites using intermeshing co-rotation twin-screw extruder and then injection molding. On the other hand, in 2005, the present author et al. (59) molded PLA composites unidirectionally reinforced with long kenaf bast fibers. In that attempt of the present author et al., emulsion PLA was used. The same kind of idea of this composite manufacturing by using long kenaf fibers and emulsion PLA was also adopted by Ochi (60) , who, in addition to mechanical characterizations, investigated biodegradation behaviors of his kenaf/PLA composites. For more strength-oriented kenaf/PLA composites, Ben et al. (61) fabricated their green composite laminates by alternately stacking and then hot-pressing unidirectional kenaf yarn fabrics and PLA films. They also examined innovative ways for improving interfacial strength of their laminated composites. The similar compression molding technique using film stacking method for kenaf/PLA composites was also tried out by Huda et al. (62) , who also investigated the effect of kenaf surface treatments on the thermo-mechanical properties of their composites. Another approach for kenaf/PLA composite manufacturing was made by Graupner et al. (9) , (38) and by Lee et al. (63) , in which at the first step both the chopped kenaf and melt-spun PLA fibers were entangled together with a roller carding machine, next needle-punched to get non-woven composite preforms and then these kenaf/PLA preforms were compression-molded with hot-pressing machine. Lee et al. (63) examined the effect of silane coupling agent on the mechanical properties of the composites by using their roller-carding process. They also reported on a prototype automotive interior headliner made of PLA/kenaf 50wt.%. Cho et al. (37) also used sheets of compounding of kenaf and melt-spun PLA fibers for their compression molding composite processing. This idea of kenaf/PLA compound (preform) might be promising in that relatively long kenaf reinforcing fibers will be uniformly dispersed within the composites, that fiber surface treatments can be easily and effectively carried out and also that larger products with complicated shape could be mass-produced. However a certain concern to be wiped away about this composite processing is that the mechanical properties of PLA sheets made from melt-spun PLA fibers, at least judging from the aforementioned existing literatures, seem to be considerably degraded as compared to those from PLA pellets. One of the keys for successful kenaf/PLA composite manufacturing might be how to effectively utilize the existing molding techniques and apparatus while as much as possible avoiding kenaf fiber's damage and PLA degradation during the molding process. As one of the answers to this requirement, Osawa (64) , Avella et al. (65) and Ogbomo et al. (66) adopted the composite processing of melt mixing with a brabender-type mixer followed by compression-molding. One of the advantages of the present molding method over those that have already been reviewed in this chapter is that any melt-spun PLA fibers with degraded properties as used in the roller carding processes will not be used while larger and more complicated structural components can be manufactured with the existing compression molding equipments, which may not easily be achieved by using the conventional injection molding techniques. However, in order to further promote the present technique for kenaf/PLA composites, more and more molding trials and experimental results should be compiled with particular emphasis put on both completeness of test data and statistical treatments for quality assurance aspects toward their practical use in near future. In the present paper, the composite preparation process of kenaf random short-fiber reinforced polylactide (PLA) using a twin-bladed brabender-type mixer followed by hot-pressing, which may be roughly similar to the one adopted by Osawa (64) , will be briefly described. Optical microscopic surface images of the composites will be examined for randomness of short-fiber dispersion. Essential mechanical properties such as tensile strength and strain at break will be obtained with fiber weight fractions varied up to 20wt% by 5wt% increment. In addition, the mechanical properties at the service load conditions, such as structural elastic stiffness (initial Young's modulus) and stiffness retention at any stress levels up to breakage will also be evaluated. To the author's best knowledge, attempts to evaluate such stiffness retention properties of kenaf/PLA composites are very rare and will be quite beneficial since for polymeric composite materials, which will not go through any severe ultimate loads like those in the plastic forming process of metals, these elastic properties might be treated as sorts of meaningful indices for structural healthiness. Furthermore, two-parameter Weibull statistical plots in terms of tensile strength will also be shown and discussed, which is certainly one of the neglected subjects for kenaf/PLA composites and hence should be investigated here since there is a possibility that any natural fiber reinforced composites may inherently be unavoidable from statistical scatter or uncertainty. For the fractured surfaces of the specimens, scanning electron microscope (SEM) images will be taken and then discussed. Finally, other practical mechanical properties, which have been neglected commonly in the precedent literatures on kenaf/PLA composites, such as flexural strength and modulus, Charpy impact toughness, plain strain fracture toughness and S-N curves for tension-tension cyclic loadings will also be obtained and then discussed here to sustain some benefits of the kenaf fiber loading into PLA.
Base Materials and Composite Preparation

Base Materials
Kenaf bast fibers used in the present study were harvested and processed in Indonesia originally for loading into polypropylene automotive interior components as reinforcing fillers (47) . In Fig.1(a) , the present kenaf technical fibers were shown. Almost any kinds of plant fibers commonly take a form of bundles, so-called technical fibers, which consist of several plant cells having thick and stiff secondary cell walls (43) , (44), (67) - (69) . The fibers were cut into approximately 5mm in length by putting them through a general purpose paper shredder to loosen the fiber bundles for their easy mixing with the melted PLA in a mixer. The mean and coefficient of variation (CV) of the monofilament tensile strength of the kenaf technical fibers were experimentally found to be 309MPa and 43.3%, respectively (43) .
Tensile stiffness of kenaf fibers may range approximately from 20GPa to 40GPa. On the other hand, in Fig.1(b) , polylactide (poly(L-lactic acid) (PLLA), REDOVE101, Zhejiang Hisun Biomaterials Co., Ltd.) are shown. The present thermoplastic resin pellets (molecular weight: 94,000, melting point: 145°C as reported by the manufacturer) are originally designed for sheet extrusion applications. 
Composite Molding
As shown in Fig.1(c) , polylactide (PLA) pellets and kenaf fibers (approx. 5mm long technical fibers), dried at 105°C for 5 hours on ahead, were kneaded with a twin-bladed brabender-type melt mixing machine (Labo Plastomill 10C100 R60, Toyo Seiki Seisakusho, Ltd.) for about 5 minutes to make a hot bulk of kenaf and polylactide composite mixture. Figure 2(a) shows the typical profiles of the chamber temperature and the applied torque during the present melt mixing. The weight fraction of the fibers to the kenaf/PLA composites was varied from 0wt% (that is, neat PLA) to 20wt% by 5wt% increment. Any chemical or physical fiber surface treatment was not applied throughout the present composite processing for future references.
As shown in Fig.1(d) , the mixtures were next hot-pressed between the two aluminum-alloy picture-flame molding dies (140×140mm 2 and 5mm thick), with 1MPa pressure applied at 180°C for about 5 minutes. Each time before the hot-pressing, the surface of mold plates was polished with fine sandpaper and wiped with acetone, and then mold wax and polyvinyl alcohol (PVA) were applied on the plate surface aiming for smooth release of molded composites from the die. After that, the die was taken out from the hot-press machine and then it was tightened up with four C-cramps and air-cooled for 5 minutes as shown in Fig.1(e) , which reduced the temperature of the composites down to approximately 140°C. Finally, it was rapidly quenched down to the room temperature by soaking it into cold running water for another 5 minutes and then the molded sheet was removed from the picture flame die with hydraulic force. The typical temperature profile during hot-pressing is shown in Fig.2(b) . One of the reasons why rapid water quenching was applied in the present composite processing is for making degree of crystallinity of PLA almost the same for all of the present molded sheets of neat PLA and kenaf/PLA composites. It is noted that PLA is in nearly amorphous state when the present rapid quenching is applied. There wasn't any noticeable evidence of degradation of the molded composites through exposing water possibly because the exposure time was very short. In Fig.1(f) , the molded composite plate (one of the 20wt% cases) is shown. The thickness of the present plates was designed to become approximately 4mm.
(a) during melt-mixing (b) during hot-pressing Fig. 2 The typical composite processing profiles.
Experimental Procedures
Fiber Measurement
The degree of kenaf short-fibers' dispersion inside the present composites was firstly quantified based on optical images of the plate surfaces taken by the optical digital microscope (DS-3UXL-III, Micro Square Co., Ltd.). From this image analysis, fiber orientation angle, α [°] , and fiber length, l [mm], and diameter, d [μm], for each fiber were measured, as schematically shown in Fig.3 , for constructing their statistical distributions which can be served as an index of fiber dispersion randomness. (1) in which N(α j ) is the number of samples of α j and N total is the total number of the samples.
When the parameter f p is found to be zero, the composite has complete random fiber orientation in the two-dimensional directions.
Tensile Test
Quasi-static tensile tests, according to JIS K 7164 (equivalent to ISO 527-4), were carried out to the present composites. As shown in Fig.4(a) , at least eight dog-bone specimens 4mm thick and 8mm wide for each case of the neat PLA and the kenaf/PLA composites were cut out from the molded plates of Fig.1(f) with a water-jet machining. The specimens were then dried more than 24 hours in a vacuum desiccator and an instron-type screw-driven universal tester (5kN capacity, Tokyo Testing Machine Inc.) was used for the present tensile test with cross-head speed of 1mm/minute. Elongations up to breakage for the gauge length of 40mm were measured with the image video extensometer. Quasi-static tensile strength, strain at break, initial tensile modulus (evaluated over 0.05% -0.15% strain) and stiffness retentions against the applied tensile stress (as illustrated in Fig.4(b) ) were post-calculated from nominal stress -nominal strain curves. In addition to the above mentioned fundamental tensile properties, two-parameter Weibull plotting and parameter estimations in terms of tensile strength were conducted. The Weibull distribution function F(σ ; L) is as follows;
where F is the cumulative distribution function in terms of the tensile strength, σ. The parameters m and σ 0 are respectively termed as shape and scale parameters. From the plots, statistical Weibull characteristic parameters (shape parameter, m, and scale parameters, σ 0 , as in Eq. (2)) can be respectively estimated using the linear regression fitting.
Fractured Surface Examination
The fractured surface of tensile specimens with different fiber weight fractions were examined using a scanning electron microscope (SEM) (Hitachi Corp., TM1000).
Other Practical Mechanical Properties Tests
Quasi-static three point bending tests were conducted to the present composites for their flexural properties. A Charpy impact tester (Model DG-C, Toyo Seiki Seisakusho) was used for the impact toughness properties. On the other hand, according to ASTM D5045, three-point bend specimens with a single-edge-notch pre-crack were prepared and plain-strain fracture toughness K IC was obtained by using the J-R curve method, detailed description of which can be found, for example, in ASTM D6068. In addition, S-N curves under tension-tension (stress ratio R = 0.1) cyclic loads will also be obtained.
Results and Discussion
Fiber Dispersion Randomness
In Fig.5(a) and (b) , optical microscopic surface images of the present composite (in 20wt% case) in the two-dimensional flat-wise (in-plane) directions and in the edge-wise direction are respectively shown. From these images in the two different directions, it is found that kenaf fibers are two-dimensionally dispersed in the flat-wise (in-plane) directions and in the edge-wise direction they are horizontally aligned due to the applied pressure during the hot-press processing. (1)) f p is calculated to be 0.0487, which also shows that the reinforcing kenaf short-fibers in the present composites are randomly dispersed in the two-dimensional flat-wise directions. In Fig.7 (a) and (b), statistical distributions (histograms) of the fiber length and diameter are respectively shown. The mean and coefficient of variation of the present samples were 1.17mm and 42.6% for the fiber length shown in Fig.7(a) , and 62.9μm and 33.2% for the fiber diameter shown in Fig.7(b) . It will be worth noting that the fiber length and diameter after the composite processing were found to become relatively smaller than those of the original technical fibers before the processing. This is because, during the present melt mixing process, the kenaf technical fibers, which were made up of elementally plant cells, were exposed to heat and mechanical shear force so that more or less fiber separations must have occurred as shown in Fig.8. 
Tensile Properties
Figures 9(a)-(d) show the nominal stress -nominal strain curves obtained from the tensile tests for the neat polylactide (PLA) and the kenaf/PLA composites with different fiber weight fractions. The present stress -strain curves of PLA and kenaf/PLA composites exhibit a typical brittle nature of amorphous thermo-plastics and their composites. It is also apparent that kenaf fibers generally make PLA composites stiffer and their breaking points slightly faster as compared to the neat resin. As for piece-to-piece variations for each fiber weight fraction, less fiber fraction cases such as 5wt% seem to show slightly greater variations in terms of the shape, slope and breaking point of the stress -strain curves.
Figures 10 and 11 respectively show variations against kenaf weight fractions in terms of tensile strength and strain at break. The error bars in the graphs indicate the standard deviation. The tensile strength shown in Fig.10 was evaluated as a breaking force per cross-sectional area. Generally speaking, any benefit of kenaf fiber loading into the PLA in terms of the tensile strength was not found when compared to those of neat PLA, which can also be predicted from the stress -strain curves in Fig.9(a)-(d) . This is probably because the interfacial bonding of the present composites may be relatively weak and fiber length, which might have been decreased because of fiber separations during the melt mixing as discussed in the previous section, may not be sufficiently large to efficiently utilize the axial stiffness and strength of the kenaf fibers especially at the very final stage of break. The initial tensile moduli shown in Fig.12 , on the other hand, were obtained as a slope of the stress -strain curves. The strain range that was used for the slope calculation was from 0.05% to 0.15%. It is shown that the initial tensile modulus tended to increase by increasing the reinforcing kenaf fiber weight fraction. As for structural stiffness retention trends shown in Fig.13 , all cases of the weight fraction of kenaf/PLA composites keeps their stiffness improvement up to a tensile stress level of approximately 30 to 35MPa. These results in terms of the structural stiffness retention imply that kenaf/PLA composites exhibit better performance in low to medium stress levels possibly because some of the interfacial bonding between fibers and matrix are still working at those stress levels. In Fig.14 , two-parameter Weibull plots in terms of tensile strength were shown. It was found that the present composite generally exhibit bimodal strength distributions with a combination of the stronger and more largely variable data and the weaker and less variable ones. The plot of neat polylactide strength, on the other hand, may be described with an unimodal distribution. In Table 1 , Weibull parameters estimated by applying the least square fitting of Eq.(2) to the Weibull plots in Fig.14 were shown. According to the present bimodal nature of the composite strength, the plots of the composites were separated into the higher and the lower data and then the parameter estimations were separately applied to each of those two data regions. As can be seen in the last column of the table, every determination coefficient, r 2 , of regression for the least square fitting is well above 0.95 showing the reliability of the present parameter estimations.
The bimodal distribution parameters probably reflect complicated and multiple sources for the fracture initiation and propagation up to breakage occurring in the present composites. 
Fractured Surfaces
In Fig.15(a)-(d) , typical SEM micrographs of fractured surface of the tensile specimens (0wt%(PLA) and 5-20wt%) are picked up and shown. It is clearly seen in Fig.15(a) and (b) that the polylactide matrix breaks under static tension showing a typical brittle pattern with smooth and flat surfaces. On the other hand, although a few broken fibers can also be found on the surface of the composites as shown in Fig.15(b)-(d) , there can be seen numerous kenaf fibers sticking out and their counter-part open holes (indicated by arrows), which had obviously been generated through pulling out the embedded fibers from the matrix during the fracture occurrence. These fractured surfaces observed here imply that, if ultimate strength at break is to be increased, either or both of the fiber/matrix bonding strength (interfacial shear strength) and the fiber length should be larger.
Flexural Properties, Impact and Fracture Toughness and Fatigue Properties
Figures 16 and 17 respectively show variations of flexural strength and initial flexural modulus against kenaf fiber weight fraction. Basically the same tendencies as those of tensile tests in Fig.10 and 12 can be observed. However, in this case of three point bending test, both of tensile and compressive bending stresses occur in the specimens and more practical responses against more realistic flexural loading conditions can be seen.
Charpy impact toughness in Fig.18 and plain-strain fracture toughness in Fig.19 for the present composites were found to be relatively improved through kenaf fiber loading. This is probably because fairly large amount of energy dissipations along the frictional slippage sample mean coefficient of at the fiber-matrix interfaces were induced during their fracture process. It is also noted that, in terms of impact/fracture toughness, 10wt% kenaf/PLA achieved the saturated values. This might imply existence of an optimum fiber content, and should be further examined. declines at the fastest pace. This is possibly because neat PLA is inherently so brittle that, once cracks or flaws initiate in it, they will rapidly grow without any crack-arresting obstacles. On the other hand, kenaf/PLA composites generally can be said to be more resistible to low stress cyclic loadings since at the low level of stress the interfaces between kenaf fibers and PLA matrix are kept in good conditions.
Conclusions
In this study, neat polylactide (PLA) and randomly dispersed kenaf short-fiber PLA composites with several fiber weight fractions were molded through a twin-bladed melt mixing followed by hot-pressing. From the tensile test results, little benefit of kenaf fiber loading into the polylactide in terms of the tensile strength was found when compared to those of neat polylactide. This is probably because the interfacial bonding of the present composites may be relatively weak and fiber length that might be reduced during melt mixing process may be not sufficiently large to efficiently utilize the fiber strength especially at the final stage of break. The tensile moduli both at initial and at several stress levels up to the final breakage, on the other hand, were found to be improved via kenaf fiber loading. Two-parameter Weibull plotting in terms of tensile strength and SEM fractography for the fractured surfaces were also examined and complicated and multiple sources for the fracture initiation and propagation in the present composites were implied. Finally, flexural properties, impact toughness, fracture toughness and S-N curves for the composites were also examined and then discussed to show some benefits of the kenaf fiber loading. 
